long-term memory formation, whereas later components appear to differentially reflect the allocation 1 7 of attention to heterogeneous emotional stimuli. This dissociation in neurophysiology is paralleled by 1 8 the activation of distinct neural networks under full-and divided-attention conditions. We quantified 1 9 the effects of the behavioural, eye-tracking and neuroimaging findings via meta-analysis to show that 2 0 the neural substrates of attention-related emotional memory enhancement may be sensitive to specific 2 1 methodological parameters. 
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Introduction 2 6
The presence of an emotional element at encoding results in a memory trade-off, such that 2 7 memory for emotional items are enhanced at the cost of memory for neutral information 2 8 (Christianson, 1992; Riggs, McQuiggan, Farb, Anderson & Ryan, 2011) . Early interpretations of 2 9 emotion-enhanced memory are based on motivational models of emotion, which posit that the sensory 3 0 system is constrained by a limitation in its processing capacity (Lang, Bradley & Cuthbert, 1998) . The databases searched included PubMed, PsychInfo, and MedLine. Estimates of effect sizes were calculated using Pearson's r, which is a valid effect size measure that is easily interpretable, and produces a measure between 0 (i.e., no relationship) and ±1 (perfect full-text articles were read for eligibility. 85 articles were excluded due to meeting one or more of the 1 6 3 exclusion criteria. In total, 38 articles were included. A summary of the key study characteristics are 1 6 4 provided in Table 1 . Articles with behavioural and neuroimaging (i.e., EEG, fMRI) data are presented One study used stimuli from the Affective Norms for English Words (ANEW; e.g., Chan & Singhal, 2013), while twelve studies used the International Affective Picture System (IAPS; e.g., Gupta, 2010), while one study used images and emotional narratives (Chang & Choi, 2014) .
Remaining studies (30) derived stimuli from previous studies (e.g., established sets used by Payne, generated inter-rater reliability estimates from expert judges and/or gained valence and arousal ratings Two studies (Humphreys et al., 2010; Kim et al., 2013) presented pairs of images (e.g., neutral- negative, neutral-neutral, positive-negative, and positive-neutral) to participants at encoding. Twelve stimuli while engaging in a second task (e.g., DPT or ADT). Twenty-six experiments used cued paradigm, requiring participants to write down as many stimuli as they could remember with no time Thirty-two percent of studies tested immediate recall performance, 19% had a recall interval of 1 9 3 less than five minutes, 32% of studies had a recall interval of between ten and thirty minutes, while minutes. All studies using short recall interval (i.e., <5 minutes -60 minutes) had participants complete filler tasks, such as simple arithmetic. Seven experiments used an ADT to assess the effect of DA at encoding of emotional memory. All experiments reported significant effects of attention, such that when attention was divided 2 0 1 between encoding and the ADT, memory was greater for negative than neutral and positive stimuli. which translated into greater memory for negative stimuli at immediate recall and after a five minute 2 1 1 recall interval. One study (Sharot & Phelps, 2004) reported no difference in memory for negative and 2 1 2 neutral words at immediate recall; however, when memory was tested after 24 hours, memory was 2 1 3 enhanced for negative stimuli, but diminished for neutral stimuli. One study containing two experiments (Mather & Carstensen, 2003) reported no statistically 2 1 5 significant difference in DPT reaction times for negative and neutral faces. However, memory was significantly greater for negative faces after a ten minute recall interval. This finding was replicated 2 1 7 using positive faces, whereby memory for negative faces was greater than memory for neutral and for central and peripheral negative objects than central and peripheral neutral objects after a 50 minute 2 3 1 recall interval. than neutral images, which translated into enhanced memory for negative over neutral items at recall. One experiment (Chang & Choi, 2014) reported that gaze duration predicted memory for emotional 2 3 7 narratives but not for emotional images, while another study (Bi & Han, 2015) found that greater words at encoding, which led to enhanced memory for negative words at immediate recall. In the 2 8 2 second study (MacKay et al., 2015) , memory was better for negative versus neutral words. negative, and neutral words. One study reported significant effects for the P2, such that positive and negative images elicited an increase in P2 amplitude relative to neutral images (Zhang et al., 2015) . Memory for neutral words 2 9 5 that were superimposed on positive and negative images was poorer compared to neutral words 2 9 6 superimposed on neutral images, demonstrating an emotion-enhanced memory trade-off.
9 7
Two studies examined the EPN (Herbert et al., 2008; Keuper et al., 2014) . Both studies 2 9 8 employed emotional words and reported greater EPN amplitude toward positive and negative than 2 9 9 neutral words. There was no difference in EPN amplitude between positive and negative words. Using in LPP amplitude to emotional relative to neutral words (Kissler et al., 2009; Langeslag et al., 2015) .
Memory performance was greater for emotional than neutral words at immediate recall. Finally, one and posterior visual streams to negative than for neutral images under DA but not under FA. There was no difference in memory between negative and neutral images under FA, but greater memory for (i.e. emotional mixed with neutral stimuli) but not pure lists, which was associated with enhanced 3 2 0 memory for emotional over neutral items at recall. during encoding on recognition memory. Finally, using concurrent eye-tracking, cortisol assaying and 3 2 3 fMRI, Bennion et al. (2013b) found that higher cortisol during encoding was associated with greater 3 2 4 fixation duration toward negative stimuli, which predicted activity in the amygdala and vmPFC at 3 2 5 retrieval. Interestingly, this effect was only present for across a period containing sleep, such that 3 2 6 memory for negative items was greater after a period of sleep versus wake, and this was mediated by 3 2 7 cortisol levels at encoding. The meta-analysis contained 32 studies, comprising an overall sample of 1291 young adults. As that each experiment contributed a single data point to the overall model (see Table 3 for a summary of the studies included in the meta-analysis). The mean pooled effect size for attention on emotional long-term memory was .40 (p <.001, 95% CI = [.32, .48] for homogeneity of variance were not significant for any of the models (see Table 2 for a summary of Note. n = number of studies. Several analyses were performed to examine potential publication bias. Rosenthal's fail safe effect size estimate to be non-significant. To further examine potential publication bias, a random- in the meta-analytic sample, the effects would be minimal, given that the adjusted effect size estimates 3 5 5 remained moderate. Note. n = sample size; r = correlation coefficient; CI = confidence interval; fMRI = functional magnetic resonance imaging; EEG = electroencephalography; ADT = auditory detection task; ST = Stroop task; DPT = dot probe task; LDT = line dissection task. The dashed lines separate studies with high (>0.50), moderate (0.30 -0.49) and low (<0.29) effect sizes. in sensory-related ERP components at encoding were not related to behavioural performance at recall.
All studies examining modulations of the P1 and N1 in response to emotional words at encoding imagery may be better indexed by later components, such as the P2 and EPN (Herbert et al., 2008) .
The P2 is suggested to index post-perceptual selective attention and is sensitive to visual target 3 6 2 detection, such that P2 amplitude has been reported to increase when target stimuli are detected 3 6 3 among distractor objects (Kanske, Plitschka & Kotz, 2011) . In one experiment, P2 amplitude
increased in response to emotional words imbedded in complex visual scenes, and was associated paradigm more complex than the passive paradigms utilised by studies investigating the P1 and N1. The P2 may therefore represent a top-down attentional influence on emotion evaluation, particularly when presented alongside neutral stimuli, and may index attention-related cortical networks that
facilitate emotional information into LTM (Carretié et al., 2004; Crowley & Colrain, 2004) .
examining the EPN included in the meta-analysis used emotionally valenced words, and each reported
greater EPN amplitude in response to emotional compared to neutral words. Moreover, using MEG,
Keuper et al. (2014) reported that the EPN was generated from occipital and limbic lobes, suggesting In contrast to sensory-related components (i.e. N1, P1), the amplitudes of the posterior positivity P3b response, in the sense that the LPP is considered a sensitive measure of attentional orientation to 3 6 4 salient information (Schupp et al., 2006) . Importantly, the studies investigating the modulation of sensory-related components did not manipulate attention, and therefore, under a biased competition 3 6 6 model of attention, there was no demand on processing resources in the relevant sensory cortex (i.e. of attentional conditions, they were still modulated by emotion. From this perspective, the N1 and P1 norepineprine from the LC in response to emotionally salient stimuli, which would promote synaptic cortex and temporo-parietal junction -is involved in reorienting attention to task-relevant stimuli that this processing stream is susceptible to emotionally salient information irrespective of task- changes; however, emotional stimuli appear to have privilege access to attention, which in turn, that report memory for emotional stimuli is enhanced under DA compared to FA, and lends support to 3 6 2 the argument that attention is a strong predictor for long-term emotional memory consolidation. Taken together, attention at encoding is a strong predictor of long-term emotional memory.
Effects of attention are moderate at the behavioural level, while the largest effects are born from weakest effects of attention on the emotional modulation of LTM, suggesting a dissociation between 3 6 7 eye movements and neural activity. This apparent discrepancy might be explained by the diversity in 3 6 8 stimuli used, the length of time between encoding and recall, and the experimental paradigms used to 3 6 9 manipulate attention. Although these differences make it difficult to establish whether emotional 3 7 0 memory benefits more from enhanced attention at encoding, or from preferential post-encoding
processes, they provide testable hypotheses for future research, which we discuss below. determine whether memory depends on these processes, or relies more heavily on consolidation 3 5 8
processes.
5 9
Experiments examining early sensory-related ERPs, such as the P1 and N1, reported no difference
in amplitude between emotional word types. Previous research using oddball tasks containing images 3 6 1 report significant modulations on the amplitude of the P1 and N1 components, as opposed to the 3 6 2 passive viewing paradigms involving words typically employed when investigating attention and adopts attention-demanding paradigms at encoding using images rather than words. This will allow for stronger interferences to be made regarding the influence that attention-modulated, sensory-related
ERPs have on emotional LTM.
It is well established that stimulus type can bias participants' memory responses, such that 3 6 8 emotion can modify the qualitative features of how stimuli are remembered; a change that is 3 6 9 measureable depending on the memory variables used (e.g., familiarity, recognition accuracy;
Bennion et al., 2013a). As this review did not account for specific memory performance measures, it
Additionally, alternate EEG methods may be more suited to investigating the attention-emotion induced changes in attention at encoding and superior performance for emotional stimuli at recall The adoption of alternative electrophysiological measurements, such as analyses of oscillatory This systematic review and meta-analysis aimed to determine whether attention significantly impacts memory for emotional stimuli. A secondary aim was to determine whether there was 3 6 2 homogeneity between behavioural, electrophysiological, and neuroanatomical correlates for the effect emotional over neutral information, and this effect was reported across behavioural, eye-tracking and interaction appear to be more reliably indexed by ERP components later in the processing cascade, such as the LPP; however, the role of sensory-related components may be better explored by suggesting these regions interact to prioritise emotional over neutral information. However, despite 
